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The Honorable John D. Dingell

Chairman, Subcommittee on Oversight
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Committee on Energy and Commerce

House of Representatives

Dear Mr. Chairman:

As requested in your letter of January 5, 1984, and subsequent
discussions with your office, this report discusses the Environmental
Protection Agency's (EPA's) decision to regulate benzene emissions,
including its plans to regulate benzene emitted during automobile
refueling. The report also discusses several other factors affecting
EPA's decision to regulate benzene emissions from automobile refueling,
including the health effects of gasoline vapor and EPA's ozone standard.

As arranged with your office, unless you publicly release its contents
earlier, we will make this report available to other interested parties
30 days after its issue date. At that time copies of the report will be
sent to appropriate congressional committees; the Administrator, EPA;
and the Director, Office of Management and Budget.

Sincerely yours,

. Dexter
Director



Executive Summary

Nearly everyone in the United States is exposed to benzene, a toxic
chemical emitted from automobiles, trucks, refineries, and steel and
chemical plants. Benzene is also one of a group of pollutants called
hydrocarbons which contributes to the production of ozone and other
constituents of smog.

In 1977 the Environmental Protection Agency (EPA) identified benzene
as a hazardous air pollutant, and in December 1983 EPA announced its
decision on how best to control benzene emitted from certain chemical
and steel plants. EPA has identified automobile refueling as a source of
benzene emissions and, as of October 1985, was continuing to study how
best to control these emissions.

The Chairman, Subcommittee on Oversight and Investigations, House
Committee on Energy and Commerce, requested that GAO determine

the basis for EPA's December 1983 decision to control benzene emissions
from chemical and steel plants and

EPA’s plans to require control of benzene and other pollutants that are
emitted during automobile refueling.

Background

The Clean Air Act requires that EpA identify hazardous pollutants and
develop regulations to control their presence in the environment. These
regulations are to provide an ‘“ample margin of safety” to protect the
public health. Benzene is the first hazardous air pollutant for which EPA
has issued final standards since 1976.

EPA based its December 1983 benzene decision primarily on risk assess-
ments that evaluated the relationship between benzene exposure and
the potential occurrence of leukemia. EPA focused on leukemia because
health studies have documented an association between it and benzene
exposure. In its assessments, EPA evaluated data on health effects,
industry emissions, and the populations that live near five types of ben-
zene sources (called ‘‘source categories’). EPA then ranked the relative
risks and concluded that two of the five “source categories” presented
significant risk to the public.

GAO reviewed each component of the EPA benzene risk assessments to
determine how they were developed and what uncertainties are associ-
ated with each component. EPA officials told GAO that, although the risk
estimations are uncertain, it is important that they be as accurate as
possible to ensure public acceptance of the estimates.
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Results in Brief

Principal Findings

On the issue of regulating automobile refueling emissions, EPA is consid-
ering two options for regulating benzene and other pollutants—controls
on gasoline pumps or controls on automobiles. This decision is important
to states because refueling vapor-recovery controls could help states
meet ozone standards by the congressionally mandated 1987 deadline.

The risk assessments upon which EPA relied in its December 1983 deci-
sion did not use the most current health and census data available at
that time, and EPA’s verification of benzene emission data was limited.
EPA officials who developed the assessments explained that (1) they
used their professional judgment in deciding what data to include and
verify, (2) they were not aware if certain data were available, and (3)
there was no written agency guidance on how its risk assessments are to
be developed, although EPA’s air office plans to develop such guidance in
1986. EPA has determined that the more current and accurate data
would increase its risk estimates but would not change its decision on
which benzene ‘‘source categories” to regulate.

In late 1985 or early 1986, EPA plans to decide how best to control auto-
mobile refueling emissions. EPA’s plans will be based on a decision as to
whether nationwide or local controls should be implemented. Controls
on automobiles would be implemented nationwide. Controls on the gas
pump could be applied either nationwide, or only in those areas not in
compliance with EPA’s ozone standard. EPA estimates that more than 2
years will be required for implementing either of these options. As a
result, EPA’s decision will probably be too late to contribute to the states’
attainment of the national ozone standard by 1987.

EPA’s December 1983
Decision to Control Benzene

The risk assessments EPA used in its December 1983 decision estimated
that, given certain assumptions, emissions from the five benzene “‘source
categories’” would result in an increased risk of leukemia ranging from
one additional case every 100 years to five additional cases every 2
years.

The health, emission, population, and modeling data EPA used in its
December 1983 benzene decision have uncertainty and are based on
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assumptions. For example, EPA’s benzene health data are based on lim-
ited information about workers (some of whom developed leukemia)
who were exposed to benzene in the 1940’s and 1950’s. Since the work-
ers’ actual exposure levels to benzene are not known, EPA made assump-
tions about their exposure levels to project potential leukemia incidence.

EPA’s benzene risk assessments did not consider three relevant health
studies completed between 1981 and December 1983 because EPA
believed the new studies would not significantly change its benzene
health assessment. In addition, EPA’s population data were based on pro-
jections of 1970 census data, rather than 1980 census data. EpaA officials
said they did not know the updated information was available. Also,
EPA’s emission data showed that three plants used benzene to manufac-
ture a product used in making plastics and chemicals. However, only one
plant was actually using benzene at the time EPA issued its final deci-
sion. EPA officials told GAO that at the time of the decision, they were
aware that one of the plants had stopped using benzene but that Epa had
not verified this and wanted to be conservative in its risk calculations.
(See ch. 2.)

As of October 1985, EPA’s air office had updated some information and
was planning further improvements to its benzene risk assessments. For
example, EPA evaluated the three new health studies and other recently
availabie benzene health data and, as a result, increased by 18 percent
its estimate of leukemia incidence from benzene exposure. EPA officials
said the more current and accurate information changed their estima-
tion of risk to the public but that this was not significant encugh to
change its December 1983 decision. EPA officials believe that, given the
large uncertainty inherent in an assessment dependent upon assump-
tions and estimates, the benzene risk numbers are reasonable.

As of October 1985, EPA did not have written guidance detailing how it
develops quantitative risk assessment numbers for hazardous air poliut-
ants but was planning to develop guidance in 1986. (See ch. 2.)

EPA Plans to Regulate
Automobile Refueling

EPA identified automobile refueling vapor as a benzene “‘source cate-
gory”’ in 1979, but has been considering regulating this vapor for ozone
control since 1973. In the absence of EPA regulations for controlling
refueling vapor, California and the District of Columbia have imple-
mented controls on gasoline pumps. (See ch. 3.)
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Recommendations

Agency Comments

In studying the automobile refueling issue, EPA is considering informa-
tion that indicates that gasoline vapor—apart from its benzene compo-
nent—may be carcinogenic. If EPA decides the risk from this vapor is
significant, it couid require nationwide controls. Conversely, if EFA
believes the risk to the public from gasoline vapor and/or benzene is not
significant, it could require controls only in those areas where states are
having difficulty attaining the ozone standard. EPA is also examining the
control efficiency, implementation time, and cost-effectiveness of the

automobile refueling control options. (See ch. 4.)

To improve quantitative risk assessments used to make decisions on
hazardous air pollutants, such as benzene, GAO recommends that the EPA
Administrator direct that the guidance it develops include a requirement
that, to the extent possible, current and verified data be used in devel-
oping quantitative risk assessments or that an explanation be included
in the assessment as to why those data are not being used. (See ch. 2.)
GAO also makes a recommendation to the EPA Administrator on improv-
ing the analysis used to support its decision on automobile refueling con-
trols. (See ch. 4.)

GAO discussed matters in the report with EpA officials but did not obtain
their views on the report’s conclusions and recommendations. Their
comments were considered in preparing this report.
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Chapter |

Introduction

Section 112 of the
Clean Air Act

Benzene is a clear, colorless, highly toxic liquid that is used widely
throughout the United States. It ranks 16th in production among all
chemicals in the United States; an estimated 9.9 billion pounds was pro-
duced in 1981. Benzene occurs naturally in crude oil and is a constituent
of gasoline and diesel fuel, generally comprising 1 to 3 percent of gaso-
line by weight. Benzene is also a by-product of petroleum and coal and
an intermediate in the production of other industrial chemicals which, in
turn, are used to manufacture a wide range of products, including plas-
tics, nylon, insecticides, and polyurethane foams.

Benzene has been recognized since 1900 as a toxic substance capable of
causing short-term and long-term effects on the blood-forming system. It
is one of the few substances for which both animal and human studies
show significant evidence of carcinogenic effects. Several human studies
have documented an association between benzene exposure and leuke-
mia. Futhermore, benzene has been found to cause other types of cancer
in rats and mice. Benzene is also one of a group of pollutants called
hydrocarbons, many of which contribute to smog formation.

Human exposure to benzene emissions is widespread. People are
exposed to benzene from stationary sources (such as refineries and
chemical plants) and mobile sources (such as cars and trucks). Station-
ary source emissions may occur, for example, when benzene is used in
producing another chemical. Emissions can occur from the transport or
storage of benzene, from leaks in certain chemical plant pipes and
valves, or from releasing benzene from vents or stacks to the atmo-
sphere during a chemical-manufacturing process. Mobile source emis-
sions stem from gasoline vapor and exhaust created while driving an
automobile or truck. The Environmental Protection Agency (EPA) esti-
mated in 1984 that at least 30 million to 50 million people are annually
exposed to large quantities of benzene emitted from stationary sources.

Section 112 of the Clean Air Act, known as National Emission Standards
for Hazardous Air Pollutants, requires EPA to publish a list of each pol-
lutant for which it plans to establish an emission standard. It requires
EPA to propose emission standards applicable to both new and existing
sources within 180 days after the pollutant is included on the list. Sec-
tion 112 also requires EPA to issue final standards within 180 days of
publishing proposed standards. According to the act, standards must be
set at a level that provides ‘“‘an ample margin of safety” to protect the
public health. EPA estimates that since 1977 it has spent $6.1 million in
developing standards to control benzene as a hazardous air pollutant
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Benzene As a
Hazardous Air
Pollutant

under Section 112 of the Clean Air Act. (See app. I for a break out of
EPA-estimated benzene expenditures.)

EPA has issued standards under section 112 for mercury, beryllium,
asbestos, vinyl chloride, radionuclides, and benzene. EPA has aiso pro-
posed standards for arsenic under section 112. On August 26, 1983, we
issued a report! to the Chairman, Subcommittee on Oversight and Inves-
tigations, House Committee on Energy and Commerce, which discussed
the delays EPA had experienced in proposing and issuing national emis-
sion standards for hazardous air pollutants. EPA’s experience with ben-
zene is important because benzene is the first hazardous air pollutant
for which EpPA has issued final standards under section 112 since it regu-
lated sources of vinyl chloride in 1976.

EPA added benzene to its list of hazardous air pollutants under section
112 on June 8, 1977. On the basis of three studies showing that occupa-
tional levels of benzene cause a higher incidence of leukemia in workers,
EPA concluded that benzene in the environment also increases the pub-
lic’s risk of contracting leukemia.

EPA subsequently identified the major industry groups, or source catego-
ries, responsible for emitting the majority of benzene into the air. In
determining where it would concentrate its regulatory efforts, EPA
developed the following list of 12 source categories in 1979:

Table 1.1: EPA’s 1979 List of 12 Source
Categories of Benzene Emissions

Gasoline marketing . Ethylene production?®

Automobile refueling Nitrobenzene production?

Maleic anhydride production? Chlorobenzene production®

Fugitive emissions® Linear alkylbenzene production?

Coke by-product recovery plants® Benzene storage

Ethylbenzeﬁé/Slyrene production?® Benzene handling -

8Various chemical manufacturing processes that emit benzene

bQriginatly identified by EPA as two separate source categories—petroleum refineries fugitive emissions
and chemical fugitive emissions.

IDelays in EPA’s Regulation of Hazardous Air Pollutants (GAO/RCED-83-199, Aug. 26, 1983).
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After ranking these source categories, EPA selected five of them? for reg-
ulatory action. EPA believed that controlling this combination of source
categories would result in the most beneficial impact in terms of reduc-
ing benzene emissions and exposure in the shortest time for the least
cost. EPA proposed standards for four (all except coke by-product recov-
ery plants) of the five benzene source categories between April 1980
and January 1981. EPA obtained and analyzed public comments on the
proposals and developed plans to issue final standards.

By mid-1983 £PA had not issued final standards for any of the source
categories it had identified for regulatory action. On July 14, 1983, two
environmental groups—the Environmental Defense Fund and the Natu-
ral Resources Defense Council—filed a citizen suit in the United States
District Court for the District of Columbia to compel EPA to (1) issue
final standards for the four source categories for which it had proposed
standards and (2) propose emission standards for the remainder of the
12 source categories EPA identified in 1979. Several affected industry
groups, including the American Petroleum Institute and the Chemical
Manufacturers Association, entered the case in an attempt to have Epa
remove benzene from its list of hazardous air pollutants.

While this lawsuit was pending, EPA announced on December 16, 1983,
its intention to (1) issue final standards for fugitive emissions, (2) pro-
pose standards for coke by-product recovery plants, and (3) withdraw
proposed standards for benzene storage, maleic anhydride, and
ethylbenzene/styrene. At the time, EPA did not indicate if it had any
plans to regulate any other benzene source categories. On January 27,
1984, the court ordered EPA to publish in the Federal Register its deter-
mination for the five source categories. The court did not take action as
to the other source categories. This portion of the lawsuit is still pend-
ing. In response to the court order, EPA issued a proposed withdrawal
notice on March 6, 1984, and issued a final withdrawal notice on June 6,
1984. As shown in table 1.2, EPA also took further action on coke by-
product recovery piants and fugitive emissions.

2Maleic anhydride, ethylbenzene/styrene, storage, fugitive emissions, and coke by-product recovery
plants.
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Table 1.2: Benzene Source Categories

for Which EPA Has Proposed Standards Source category Date standard proposed Date standard issued
Maleic anhydride Apr. 18, 1980 a
Ethylbenzene/Styrene Dec. 18, 1980 2 o
Benzene storage Dec. 19, 1980 @ -
Fugitive emissions Jan. 5, 1981 May 24, 1984
Coke by-product recovery June 6, 1984 .

plants

EPA Action on Benzene
From Automobile
Refueling

8Standards withdrawn on June 6, 1984.

The Natural Resources Defense Council challenged EPA’s final decision in
two separate actions. On October 17, 1984, the council petitioned EPA to
reconsider its decision to withdraw the proposed standards for the three
benzene source categories and to reconsider its final standard for fugi-
tive emissions. The council also filed a similar petition in the United
States Court of Appeals. On August 23, 1985, EPA denied the administra-
tive petition, stating that the objections raised by the council do not pro-
vide substantial support for revising EPA’s benzene decisions. The court
action is still pending. Appendix II discusses EPA’s plans to regulate all
of the sources of benzene emissions it has identified.

Automobile refueling is one of the benzene source categories that EPA is
studying for possible control. While refueling an automobile at a service
station, an individual is exposed to gasoline vapor, which contains ben-
zene and other hydrocarbons. Automobile refueling is the last step in a
gasoline-marketing process that includes an extensive network of stor-
age; transportation; and dispensing facilities used by refiners, market-
ers, distributors, and dealers to deliver an estimated 280 million gallons
of gasoline per day to consumers. Emission of vapors occurs when trans-
porting gasoline between each distribution facility in the gasoline-mar-
keting network—pipelines, bulk terminals, tank trucks, bulk plants,
service stations, and automobiles.

Controls on emissions from the gasoline-marketing network would
address concern about several pollutants other than benzene. Exposure
to gasoline vapor and other constituents of that vapor, including ethy-
lene dibromide and ethylene dichloride, may result in serious health
risks. Futhermore, gasoline vapor participates in atmospheric photo-
chemical reactions that produce ozone and other constituents of smog.

In response to the 1970 Clean Air Act Amendments, EPA established
national air quality standards for several pollutants, including ozone.
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The 1970 amendments required that each state submit to EPA an imple-
mentation plan detailing the state’s program for achieving the EPA-estab-
lished standards. To the extent standards would be exceeded, the
amendments require that the state impose controls on sources to reduce
emissions. EPA classifies as a ‘“‘non-attainment area’” any air quality
region or portion thereof that is violating the standards.

The Clean Air Act Amendments of 1977 established December 31, 1982,
as the deadline for states to demonstrate achievement of the air quality
standards, including those for ozone. As allowed by the 1977 amend-
ments, EPA extended the date for attainment of the ozone standard to
December 31, 1987. Under the 1977 amendments and EPA regulations,
states not meeting the deadlines are subject to economic sanctions, such
as construction bans on new facilities or a reduction of certain federal
highway grants.?

Efforts to Control Gasoline
Vapor

EPA has designated as “stage I”’ controls any equipment designed to con-
tain and recover gasoline vapor during the early phases of the gasoline-
marketing network—storage tanks, bulk terminals, bulk plants, and in
loading at service stations. Stage I systems provide for the recovery of
gasoline vapor from the vessel being filled into the vessel from which
the liquid gasoline is being discharged (i.e., from the service station
underground tank back into the gasoline tank delivery truck). Many
states require stage I systems to help control smog.

In 1973 EPA began considering the use of equipment installed on the gas-
oline pump (called stage II controls) to help control ozone and smog from
the last phase of gasoline marketing—automobile refueling. Section
202(a)(6) of the Clean Air Act as amended in 1977 required EPA to deter-
mine the feasibility and desirability of requiring controls on the automo-
bile (called onboard controls) to avoid the necessity of stage II controls.
After adding benzene to its list of hazardous air pollutants in 1977, EPA
began studying whether automobile refueling and other gasoline-mar-
keting controls might also be used to control benzene as well as other
smog-causing hydrocarbons. EPA is still studying the issue and plans to
make a decision in late 1985 or early 1986 as to whether controls on
gasoline pumps or automobiles should be used.

3We recently issued a report on this matter—EPA's Sanctions Policy Is Not Consistent With the
Clean Air Act (GAO/RCED-85-121, Sept. 30, 1985).
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Objectives, Scope, and
Methodology

As discussed on page 4, the Natural Resources Defense Council and the
Envirenmental Defense Fund filed a citizen suit in the United States Dis-
trict Court for the District of Columbia requesting that EPA propose
emission standards for several benzene source categories, including
automobile refueling. On August 24, 1984, they filed an amended com-
plaint requesting that EPA be required to control automobile refueling
vapor under either section 112 or section 202(a)(6) of the act. In October
1985 the district court transferred the citizen suit to the District of
Columbia Court of Appeals, where the case was pending as of November
1985.

In a January 5, 1984, letter and subsequent discussions with his office,
the Chairman, Subcommittee on Oversight and Investigations, House
Committee on Energy and Commerce, asked us to determine

the basis for EPA’s December 1983 decision to take action on five ben-
zene source categories under Section 112 of the Clean Air Act, and
EPA’s plans to regulate benzene emissions through controls on automo-
bile refueling.

We performed our review between November 1984 and October 1985 at
the following locations:

EPA headquarters, Washington, D.C.; ErpA’s Office of Air Quality Planning
and Standards, Durham, North Carolina; EPA’s Office of Mobile Sources,
Ann Arbor, Michigan; EPA’s Environmental Criteria and Assessment
Office, Research Triangle Park, North Carolina; and EPA Region 9, San
Francisco, California.

California’s Air Resources Board, Sacramento, California; California’s
Department of Health Services, Berkeley, California; the San Diego Air
Pollution Control District, San Diego, California; and the South Coast Air
Quality Management District, E1 Monte, California.

The District of Columbia’s Department of Consumer and Regulatory
Affairs, Washington, D.C.

Basis for EPA’s December
1983 Decision

To review EPA’s efforts to regulate benzene emissions under Section 112
of the Clean Air Act, including the basis for its December 1983 decision
to take action on five source categories, we reviewed the Clean Air Act;
EPA’s files on benzene emissions; EPA’s proposed, withdrawn, and issued
standards for benzene source categories; the public comments EPA has
received in response to these standards; EPA draft health assessment and
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cancer assessment documents for benzene; and EPA’s methodology for
developing quantitative risk assessments for benzene source categories.

We visited several chemical and steel plants that have been subjected to
EPA’s proposed and final benzene standards, including Monsanto Com-
pany in Texas City, Texas, and St. Louis, Missouri; Amoco Chemicals
Corporation, Texas City, Texas; American Hoechst, Pasadena, Texas;
Arco Chemical, Monaca, Pennsylvania; and Bethlehem Steel Corpora-
tion, Bethlehem, Pennsylvania. We discussed EPA’s efforts to regulate
benzene as a hazardous air pollutant with officials from these compa-
nies, as well as the U.S.S. Chemicals Company, the American Petroleum
Institute, the American Lung Association, the Natural Resources
Defense Council, the American Iron and Steel Institute, and the State
and Territorial Air Pollution Program Administrators.

We obtained an estimate of benzene emissions from (1) all stationary
source categories from EPA’s Office of Air Quality Planning and Stan-
dards and (2) all mobile sources from EPA’s Office of Mobile Sources. We
also obtained EPA’s plans to control each of the source categories EPA
identified.

In order to review the basis for EPA’s December 1983 decision to take
action on five benzene source categories, we examined the quantitative
risk assessments that EPA used as the primary basis for those decisions.
We reviewed the two key elements of EPA’s benzene risk assessment—
the health assessment and the exposure assessment—as well as the
modeling techniques EPA utilized to combine these and obtain the risk
numbers for the December 1983 decision.

We identified the assumptions and uncertainties associated with the
studies EPA used as the basis for its benzene health data. We discussed
the strengths and limitations of the health data with officials from the
three offices primarily responsible for developing and utilizing the
health data—the Office of Air Quality Planning and Standards, the
Environmental Criteria and Assessment Office, and the Carcinogen
Assessment Group. We also discussed EPA’s use of health data with offi-
cials from the U.S. Occupational Safety and Health Administration, the
California Air Resources Board, the California Department of Health
Services, and EPA’s Science Advisory Board.

To review EPA’s benzene exposure assessment, we examined EPA’s files

to determine how EPA developed benzene emission data. We discussed
with EPA and industry officials the extent to which EPA verified the
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emission data it obtained from industry. We also discussed with EPA
officials how they developed information on the number of people at
risk near each benzene source.

We also reviewed EPA’s use of mathematical modeling, which is used to
calculate estimated human cancers from exposure to chemicals, such as
benzene. To do so, we examined the model’s assumptions and discussed
the model’s accuracy with EPA officials. We also ran the model to deter-
mine how EPA uses it to calculate its risk numbers.

We also discussed EPA’s withdrawal of proposed standards with officials
from air pollution control agencies in those states—Indiana, Louisiana,
Missouri, Pennsylvania, and Texas—with maleic anhydride and
ethylbenzene/styrene plants to determine their plans to regulate these
benzene source categories.

Plans to Control Automobile
Refueling Emissions

To determine the status of EPA and state efforts to control automobile
refueling emissions, we discussed the history of EPA and state involve-
ment with officials from EPA headquarters and Offices of Mobile Sources
and Air Quality Planning and Standards. We also discussed the effec-
tiveness, implementation, and enforcement of gasoline pump controls
with officials from the two jurisdictions (California and the District of
Columbia) with programs in place, including officials from the Califor-
nia Air Resources Board, the San Diego Air Pollution Control District,
the South Coast Air Quality Management District, the San Francisco Bay
Area Management District, and the District of Columbia Department of
Consumer and Regulatory Affairs. We reviewed California and District
of Columbia reports on the effectiveness of gasoline pump technology
and visited stations in San Diego, Los Angeles, Sacramento, and the Dis-
trict of Columbia to examine the differences in the various gasoline
pump technologies. We also discussed state and EPA efforts to implement
refueling vapor-recovery technology with officials from the remaining
49 states and the State and Territorial Air Pollution Program Adminis-
trators. We also discussed automobile refueling technology and perform-
ance with other affected parties, including the Service Station
Association, the Motor Vehicle Manufacturers Association, the Ameri-
can Petroleum Institute, and Sierra Research, Inc., a California-based
research firm that has conducted work on gasoline pump technology for
the Ford Motor Company.

We visited EPA’s Mobile Sources Laboratory in Ann Arbor, Michigan, for
a demonstration of refueling controls on automobiles. We also discussed
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safety issues related to these controls with officials from the National
Highway Traffic Safety Administration.

In order to review EPA’s plans to regulate benzene emissions through
controls on automobile refueling, we reviewed EPA’s files and documen-
tation from 1973 to the present to develop a history of EPA’s activity on
this issue; two EPA gasoline-marketing documents—Estimation of the
Public Health Risk From Exposure to Gasoline Vapors via the Gasoline
Marketing System (June 1984) and Evaluation of Air Pollution Regula-
tory_Strategies for Gasoline Marketing Industry (July 1984); and the
public comments received on each document. We also reviewed two
internal EPA options papers (June 1985 and July 1985) on automobile
refueling and discussed them with EPA officials. We also evaluated the
cost-effectiveness analyses on the automobile refueling control options
that EPA had conducted as of July 1985 to determine if these analyses
were complete and accurate. We determined the key factors that EPA is
considering in making its decision on automobile refueling controls but
we did not identify a preferred regulatory strategy.

We discussed the matters contained in the report with EPA officials
responsible for benzene standards and gasoline-marketing controls.
Their comments have been incorporated where appropriate. However,
we did not obtain the views of the responsible EPA officials on our con-
clusions and recommendations, nor did we request official EPA com-
ments on a draft of this report. With this exception, our review was
performed in accordance with generally accepted government audit
standards.
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Chapter 2

CPA’s Decisions for Regulating Benzene

Emissions on the Basis of Risk Assessment

EPA based its decisions to regulate benzene emissions under Section 112
of the Clean Air Act on risk assessment and risk management. Risk
assessment is an analytical tool used to evaluate the relationship
between exposure to toxic substances and the potential occurrence of
disease. In developing these risk assessments, EPA uses relevant health
studies, emission data, population information, and environmental-mod-
eling techniques. Risk management is EPA’s attempt to decide what, if
anything, should be done to control those risks.

When analyzing the relevant benzene health studies, Epa developed a
unit risk factor that estimates the total probability of leukemia deaths
from benzene exposure. The unit risk factor plays an integral part in the
risk assessment process because it is used to indicate the potency of can-
cer from benzene exposure.

In December 1983 EPA combined the benzene unit risk factor with emis-
sion and population data from each source of benzene (e.g., chemical
plant process vents) and developed quantitative risk assessment num-
bers quantifying estimated risk to the public near each of five source
categories. EPA then ranked these numbers for each source category and
determined it would regulate two source categories and not regulate
three others.

This chapter discusses the methodology EPA used to develop the quanti-
tative risk numbers for the five source categories and identifies some of
the uncertainties associated with the risk numbers. Some of the uncer-
tainties are the result of factors beyond EPA’s control while others could
have been controlled by EPA.

EPA Relies on Risk
Assessment and Risk
Management to Control
Benzene Emissions

According to EPA officials, in 1983 EPA shifted its basis for regulating
hazardous air pollutants, such as benzene, from a reliance on best avail-
able technology to what it terms a risk assessment-risk management
approach. EPA develops quantitative estimates of individual and aggre-
gate risk and uses these estimates to determine which source categories
should be regulated. To develop these risk assessments, EPA uses rele-
vant health studies, emission data, population information, and environ-
mental modeling techniques.

Prior to 1983, EPA’s policy for regulating hazardous air pollutants was

based on controlling emissions, as a minimum, to levels corresponding
with the best available technology. EPA developed risk assessments to
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determine the risk of public exposure to an emission source of a pollut-
ant and then identified the best available technology—taking costs and
technological factors into consideration—to control those emissions. EPA
would have required additional controls to eliminate unreasonable resi-
dual risk if application of the best available technology did not suffi-
ciently reduce exposure risk to the public.

However, in 1983, the EPA Administrator shifted EPA’s hazardous air
pollutant standard-setting process away fror a technology-based
approach in favor of a risk-based approach. The EPA Administrator out-
lined EPA’s position on risk assessment and risk management in a June
1983 speech in which he stated that disease-causing pollutants are wide-
spread in the environment and that exposure, however small, to a genet-
ically active substance embodies some risk of an effect. The
administrator’s decision was also consistent with a 1983 National Acad-
emy of Sciences report ! which recommended that risk assessment and
risk management be used by regulatory agencies dealing with scientific
uncertainties.

EPA now uses a two-step process—risk assessment and risk manage-
ment—to determine whether a hazardous air pollutant emission source
should be controlled. The risk assessment step includes a quantification
of health and exposure data to estimate the magnitude of risk posed by
sources of carcinogens, such as benzene. Risk management involves
evaluating all source categories of a pollutant and determining which, if
any, of these source categories should be controlled to reduce or elimi-
nate the risk. Risk management policy also requires information on con-
trol technologies, their effectiveness, and costs, but according to EPA
officials, risk to the public is the overriding factor used in the decision.
Using the risk assessment-risk management approach, EPA may decide
not to regulate a source category that it considers to present insignifi-
cant risk to the public, even if a low-cost “available technology” to con-
trol emissions is available.

Quantitative Risk
Assessment

Quantitative risk assessment is a method of characterizing the potential
adverse health effects of human exposures to environmental hazards on
the basis of numerical data. EPA quantifies health and exposure data and
combines them to estimate the human hazards of a certain pollutant.

1Risk Assessment in the Federal Government; Managing the Process, National Research Council
National Academy Press, Washington, D.C. 1983.
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The health data used for the quantitative estimate can come from epide-
miological or animal studies. Epidemiological data showing the preva-
lence of diseases such as cancer are derived largely from studies of
workers that have been exposed to high concentrations of a particular
substance. To define risks to the general population, these high occupa-
tional exposure levels and the resulting incidence of disease must be
extrapolated to lower, ambient air concentration levels. The incidence of
diseases in animals is obtained from controlled studies where animals
are given high doses of a substance; as with epidemiological studies,
these high-dose results must be extrapolated to lower dose ambient air
levels. EpA prefers epidemiological studies because they show health
effects in humans, though often at uncertain exposure levels. Animal
studies, while not indicating human health effects, are often more pre-
cise in that the exact dose parameters can be controlled.

EPA extrapolates the results from the epidemiological and/or animal
studies and determines a ‘‘unit risk factor” for the pollutant. The unit
risk factor is the probability that an individual will develop cancer if
exposed to a continual concentration of a pollutant over a lifetime.

EPA then develops exposure information for each source category by
using emission estimates, population data, and air quality dispersion
models. For any given level of emissions, EPA dispersion models predict
the concentration levels in the air at different distances from the emis-
sion source. EPA combines these estimates with census data on popula-
tion densities and estimates the number of people exposed to the
emissions at different concentration levels.

EPA then combines the unit risk factor with the exposure estimates to
obtain two final risk estimates—maximum individual risk and annual
incidence. The former describes the risk to the most exposed individual,
and the latter describes the overall health impact on the entire exposed
population.

The maximum individual risk is an estimate of the increased lifetime
risk from a source for an individual who spends his or her entire life at
the point where predicted concentrations are the highest. Maximum
individual risk is expressed as a probability; a risk of 1 in 10,000 means
that the “most exposed” individual faces an increased risk of cancer of 1
in 10,000.
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Providing a measure of the overall impact on public health, the annual
incidence figure takes into account persons exposed at all concentra-
tions—low and high—of an air pollutant. For example, a total popula-
tion impact of 0.05 per year means that pollutant emissions from a
source will cause one case of cancer every 20 years.

EPA’s Risk Numbers for
Five Categories of Benzene
Emissions

EPA combined the benzene unit risk factor with exposure data from
sources of benzene emissions and computed annual incidence and maxi-
mum individual risk numbers for the five benzene source categories it
was considering regulating. In December 1983 EPA announced its deci-
sion to (1) issue final standards for benzene fugitive emissions, (2) pro-
pose standards for coke by-product recovery plants, and (3) withdraw
proposed standards on three other benzene source categories. EPA based
this decision on quantitative risk estimates that indicate a general
reduction in public health risk since 1981 for three source categories.

Table 2.1 shows the risk numbers EPA generated in 1983 for the five
benzene source categories. According to officials in EPA’s Cancer Assess-
ment Group, these numbers represent excess leukemia cases over the
general leukemia incidence for the population of the United States.

Table 2.1: EPA’s Risk Numbers for Five
Source Categories

]
Annual U.S. cancer

incidence (excess cases Maximum individual risk

_per year) {per 10,000 population)
Source category 1980-81 Dec. 1983 1980-81 Dec. 1983
Maleic anhydride 0.46 0.03 230 0.76
Ethylbenzene/ Styrene 032 0 6.20° 1.402
Benzene storage tanks A2p 04 1.50° 36
Benzene fugitive emissions 42 156¢ 4.45 1.70¢
Coke byaproduct recovery
plants 2.60 2.60 83.00 83.00

2Annual incidence ranged from 0.03 to 0.02, and maximum individual risk ranged from 6.20 to 44.00.
®Annual incidence ranged from 0.12 to 0.82, and maximum individual risk ranged from 1.50 to 10.0.
CAnnual incidence ranged from 0.15 to 1.14, and maximum individual risk ranged from 1.70 to 12.00.

%The standard for coke by-product recovery plants was proposed in March 1984.

Table 2.1 shows a decline in risk for several benzene source categories.
When EPA proposed the benzene standard for maleic anhydride process
vents in April 1980, it estimated that 0.46 persons per year (or about 1
case every 2 years) would get cancer from these emissions. Because a
significant number of maleic anhydride plants stopped using benzene by
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1983, the projected number of cancer cases per year dropped from 0.46
to 0.03 (or from about one case every 2 years to about one case every 33
years). Table 2.1 shows similar declines in EPA’s risk estimates for
ethylbenzene/styrene and benzene storage tanks primarily because EPA
revised its assumptions about emission rates for these source categories.

Table 2.1 also shows annual cancer incidence rates in December 1983 for
benzene fugitive emissions (0.15, or about one case every 6 years), and
coke by-product recovery plants (2.60, or about five cases every 2
years) to be higher than for the other three source categories. On the
basis of these risk figures, EPA concluded the public health risks for
these two source categories were significant enough to require federal
emission control standards. EPA also concluded that the risks to public
health for the other three source categories were small and that no sig-
nificant health benefits would accrue from adopting standards to con-
trol them.

EPA officials do not believe it is appropriate to establish any one cancer
incidence or individual risk number as a threshold level of concern for
decision making. In other words, EPA will not automatically regulate a
source category because it estimates emissions will result in a certain
number of cancer cases per year. EPA officials note that, while risk was
the most important factor EPA considered in the benzene decisions, other
factors such as the cost of controls or number of sources can affect a
hazardous air pollutant decision. Furthermore, they believe that the
uncertainties associated with the hazardous air pollutant risk numbers
make it difficult to establish a clear threshold level of concern.

In our review we determined how EPA developed its risk numbers for
these five benzene source categories.

EPA Health Data Based
on Assumptions and
Uncertainties

EPA developed a unit risk factor for benzene that it combined with expo-
sure information to determine the quantitative risk assessment for each
benzene source category. In 1979 EPA developed its initial unit risk fac-
tor for benzene on the basis of data obtained from three epidemiological
studies,? and updated it in 1982 on the basis of public comments it

2Askoy, M., et al, “Leukemia in Shoe-Workers Exposed Chronically to Benzene,” Blood, Vol. 44, No. 6
(1974), pp. 837-841.

Infante, P.F., et al, “Leukemia in Benzene Workers,” Lancet, July 9, 1977, pp. 76-78.

Ott, M.G,, et al, “Mortality Among Individuals Occupationally Exposed to Benzene,” Exhibit 154,
OSHA Benzene Hearings, July 9-Aug. 10, 1977.
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received. EPA used this 1982 unit risk factor in its December 1983 deci-
sions to regulate benzene. The usefulness of the data in these studies is
limited for several reasons, including uncertainties about the duration
and concentration of benzene exposure in the studies. EPA is reevaluat-
ing its initial benzene unit risk factor on the basis of several new studies
and an examination of those studies conducted by the California Depart-
ment of Health Services.

Assumptions Behind EPA’s
Use of Benzene Health Data

In 1979 EPA published its initial unit risk factor estimating the total
probability of leukemia deaths from benzene exposure. The unit risk
concept assumes that an individual is exposed continually to an esti-
mated benzene concentration (e.g., 1 part per million) over a lifetime of
70 years. The unit risk factor plays an integral part in the risk assess-
ment process because it is used to indicate the potency of cancer from
benzene exposure. EPA’s initial benzene unit risk factor corresponded to
a probability that 24 excess cases of leukemia would occur per 1,000
persons exposed to benzene, given the assumption stated above. EPA
derived this estimate for cancer risks from the three epidemiological
studies. EPA normally incorporates animal studies into such assessments,
but animal studies showing positive benzene carcinogenicity were not
available for inclusion in 1979. EPA’s 1979 risk assessment document
stated that EPA would update its risk analysis to take into account
future animal studies.

EPA acknowledges that the process by which it develops its unit risk fac-
tor involves uncertainty. For example, one step involving great uncer-
tainty is EPA’s extrapolation from high-dose epidemiological studies to
the far lower exposure levels found in the environment. According to a
December 1983 background paper on EPA’s benzene decisions, the health
data showing increased risk from benzene are based on workers exposed
to many parts per million; the paper notes, however, that most environ-
mental exposures for the general public are not higher than several
parts per billion. In other words, EPA had to extrapolate to doses a thou-
sand or more times lower than those at which cancer rates had been
observed.

The correlation between high dose studies and actual environmental
exposure is unknown and scientists have proposed many different
mathematical modeis to estimate that correlation. EPA generally relies on
the linear, nonthreshold model which assumes that risk is proportional
to dose. EPA believes that the linear model generally yields a higher esti-
mate of potency than other models and that it provides a plausible
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upper limit estimate for a chemical’s potency at low levels of exposure.
In other words, EPA believes the potency of a substance is unlikely to be
higher than estimated using the linear model, and could be substantially
lower. According to the December 1983 EPA background paper on ben-
zene, using the linear model reflects £PA’s decision to err on the side of
caution in the face of uncertainties.

The three epidemiological studies upon which EPA relied in developing
its initial unit risk factor utilized occupational data of workers who
were exposed to benzene and died of leukemia. EPA acknowledges the
inherent limitations associated with using epidemiological studies. For
example, according to officials in EPA’s Carcinogen Assessment Group,
epidemiological studies are based on historical data, which often do not
contain the actual duration and concentration of emissions to which the
subjects were exposed. The three benzene studies EPA used in its risk
assessment estimated health effects on the basis of workers’ records
dating back to the 1940’s and 1950’s. Several workers exposed to ben-
zene died of leukemia but, unlike animal studies, where exact dosage is
known, no one knows the actual amount and duration of benzene to
which the workers were exposed. As a result, EPA had to estimate the
exposure levels in order to develop its unit risk factor. EpA does not
know the actual benzene exposure levels used in its evaluation of the
incidence of leukemia in workers.

The benzene unit risk factor has other limitations. EPA’s risk figure
focused on the leukemia response resulting from pure benzene exposure.
EPA did not evaluate cancer potentials other than leukemia or the cumu-
lative or synergistic (combined effects of two or more chemicals) effects
of benzene exposure. EPA’s estimates also did not take into account risks
for people potentially more sensitive to benzene exposure such as
women, children, and the elderly.

EPA is aware of these limitations but, according to its June 1984 notice to
withdraw proposed benzene standards, considers its unit risk factor to
be plausible, if not conservative. The notice stated that EPA did not have
data that would identify potentially sensitive populations or quantify
their increased risk. The notice also stated that it appeared that other
cancer associations with benzene exposure would not be as strongly
related as the benzene-leukemia association. Officials at EPA’s Carcino-
gen Assessment Group said that EPA does not normally conduct cumula-
tive or synergistic evaluations for most pollutants because these effects
are not easily measured. They also said that EPA’s unit risk factor for
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benzene is intended to be a rough but plausible estimate, given the
uncertainties and assumptions used.

EPA Changed Health
Estimate After Public
Review

Prior to publishing its results in 1979, EPA submitted three benzene-
related draft documents—health assessment, population exposure, and
cancer risk—to its Science Advisory Board? for review. The board con-
ducts such reviews to assure that EPA’s documents are scientifically
accurate and adequately represent the latest knowledge on health
effects. The Science Advisory Board issued a preliminary report of its
opinions on EPA’s benzene documents in early 1978. According to the
report, the board was uncertain about the validity and significance of
EPA’s attempt to quantify population risk to ambient benzene exposures
for regulatory decision making. The report also suggested modifications
for all three documents that would strengthen the assessments, includ-
ing the recalculation of several estimates, the addition of other data, and
a suggestion not to rely too much on a specific study. On the basis of the
board’s comments, EPA revised the documents and published them in
late 1978-early 1979.

After publishing the documents, EPA received comments from industrial
and environmental interest groups. After considering the comments and
reevaluating its estimates, EPA lowered its unit risk factor from 24 to 22
leukemia cases out of 1,000 persons exposed. EPA published its revised
unit risk factor in May 1982 and used this number in computing risk
numbers for the five source categories included in its December 1983
decision.

New Benzene Studies Were
Not Included in the
December 1983 Decision

By Decernber 1983 three new epidemiological and animal studies* were
available to EPA concerning benzene health effects. The Rinsky study, a
follow-up to one of the three original epidemiology studies EPA used in
developing its unit risk factor, was published in 1981. The Chemical

3The Science Advisory Board is comprised of several committees of scientists and engineers outside
of the federal government who advise the EPA Administrator on the scientific basis for regulatory
standards.

4National Toxicology Program (NTP), “NTP Technical Report on the Toxicology and Carcinogenesis
Studies of Benzene (CAS No. 71-43-2) in F344/N Rats and B 6C3FI Mice (gavage studies),” NIH Publi-
cation No. 84-25645, NTP-84-072, 1984,

Rinsky, R.A., et al, “Leukemia in Benzene Workers,”” American Journal of Industrial Medicine, Vol. 2,
1981,

Wong O., et al, “An Industry-wide Mortality Study of Chemical Workers Occupationally Exposed to
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Manufacturers Association sponsored an epidemiological study which
was published in December 1983. The National Toxicology Program
published results of a 2 year animal study in 1984; a draft of the study
was provided to EPA in September 1983.

EPA did not analyze these new studies to determine their impact on its
benzene unit risk factor before making its December 1983 decision (or
by the time the decision was issued as final in June 1984). EPA officials
told us that the new studies’ results did not appear to alter significantly
EPA’s benzene unit risk factor and that such a reexamination would have
taken time and delayed the EPA decision. EPA officials told us that new
health effects studies on various substances under regulatory considera-
tion are constantly being published and that EPA is often faced with a
dilemma of making a decision or waiting for new health evidence.

As part of its state regulatory efforts for benzene, the California Depart-
ment of Health Services examined the epidemiological and animal data
developed between 1974 and 1984, as well as the three studies used in
EPA’s original assessment. The Department issued a final report?® in
November 1984. The report indicated higher risk estimates than EPA’s
1982 assessment. '

A science advisor in the California Department of Health Services told
us that, because of limitations associated with human studies, EPA’S
1982 assessment would provide the lower limit estimate of risk. While
animal studies also had limitations, their results, nevertheless, showed
other possible human cancer potentials. On the basis of these findings,
animal studies provided the upper limit of risk in the California assess-
ment. The final report showed the potential risks to Californians from
exposure to 1 part per billion of benzene was between 22 (derived from
EPA’s 1982 assessment) and 170 (derived from animal studies) excess
cancer cases per million people exposed.®

In October 1984 the Natural Resources Defense Council petitioned EPA to
reconsider its proposed withdrawal of three benzene standards claiming

Benzene.” Submitted to Chemical Manufacturers Association. Environmental Health Associates, Inc.,
Dec. 3, 1983.

E_I_t_eport to the Scientific Review Panel on Benzene, California Air Resources Board and the Depart-
ment of Health Services, November 1984.

6The California study used different units of exposure (million persons exposed to 1 part per billion
instead of thousand persons exposed to 1 part per million). According to a primary author of the
California study, the numbers are comparable to EPA’s method of expressing excess cancer cases.
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that, among other things, EPA based its decision on outdated health data.
EPA’s Carcinogen Assessment Group evaluated the new data cited in the
petition. In February 1985, EPA completed an internal report revising its
estimates. The report was based on two updates of an original epidemio-
logical study used in EPA’s 1979 assessment, the animal study conducted
by the National Toxicology Program, the epidemiological study spon-
sored by the Chemical Manufacturers Association, and a review of the
California Department of Health Services’ benzene assessment. On the
basis of the internal report, EPA increased its benzene unit risk factor by
18 percent, or from 22 to 26 leukemia cases per 1,000 people exposed.

The internal report stated that while an animal study was incorporated
into the evaluation, human epidemiological data still carried considera-
ble weight in EPA’s reassessment process. In response to the conclusions
of the California benzene study, officials from the Carcinogen Assess-
ment Group told us that when human exposure data are available,
animal data should be used to confirm human data results. The group
disagrees with using animal data as an upper limit for risk because the
available human data do not indicate the various cancers found in ani-
mals; EPA’s purpose is to protect public health, and health assessments
based on available human studies are preferred.

In June 1984—prior to the work conducted on the internal report—the
Chairman of EpPA’s Carcinogen Assessment Group had directed the group
to reevaluate benzene carcinogenicity. The chairman was interested in
reviewing the quality of the updated data on epidemiology, toxicology,
and mutagenicity because so much time had elapsed and many inquiries
had been made since the 1979 assessment. Included among these was a
benzene study conducted by the National Institute of Occupational
Safety and Health. The study was released to EPA in August 1985 and is
a follow-up to one of the three studies upon which the original EPA ben-
Zene unit risk factor was based.

As a result, EpA plans to reevaluate all recent data on benzene health
risks, including studies that have become available since the Natural
Resources Defense Council’s petition. EPA’s final report is scheduled for
publication by December 1985. In September 1985 EPA officials told us
that EPA will request that the Science Advisory Board review the EPA
analysis of the new benzene health data after the December 1985 report
is released.
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In developing its quantitative risk assessment, EPA combines its health
data with exposure data generated from emission and population infor-
mation and modeling techniques. EPA’s emission and population data used
in its benzene decision were not always accurate. EPA’s modeling of ben-
zene health and exposure data was based on several assumptions that

Uncertain and Limited add to the uncertainty of the benzene risk assessment numbers.
Data
EPA’s Verification of EPA ¢onducted limited verification of the benzene emission data it

Emission Data Is Limited

received from industry. According to EPA officials in the Chemicals and
Petroleum and the Standards Development Branches, the extent of ver-
ification is generally limited to the review and judgment of EPA’s engi-
neers and follow-up telephone calls, if deemed necessary. Occasional site
visits and some contractual monitoring are being conducted. However,
according to an official in EPA’s Office of Air Quality Planning and Stan-
dards, site visits and monitoring for verification of emissions data have
been minimal because of limited resources.

Section 114 of the Clean Air Act authorizes EPA to secure information
needed in the development of emission standards. Among other things,
section 114 authorizes EPA to make inspections, conduct tests, examine
records, and require owners and operators of emission sources to submit
information requested by EPA to develop such standards.

Between 1977 and 1980, EPA sent letters to industries inquiring about
the types of information described above. EPA’s Office of Air Quality
Planning and Standards reviewed the industry-furnished information
such as emission data and control technology designs, and followed up,
if deemed necessary, by telephone. According to EPA officials, EPA engi-
neers also compared plant designs and emissions data to determine the
reasonableness of the data reported by industry. EPA did not conduct
routine site visits but made them occasionally to (1) verify the data
reported by industry, (2) identify potential monitoring emissions test
sites, and (3) facilitate communication between EPA and plant personnel.
EPA uses contractors to monitor emissions at some plants; the visits usu-
ally last a few days.

We reviewed EPA files to determine the extent that EPA requested infor-
mation and made site visits for the four benzene standards which were
proposed in 1980 and 1981. The number of letters requesting informa-
tion and site visits are shown in table 2.2.
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Table 2.2: EPA Letters Sent to
Industries Requesting Information for
Four Source Categories

Numberof  Number of
EPA letters EPA letters
Numberof requesting requesting

Source category facilities information® plant visits®
Maleic anhydride 10 20 8
Ethytbenzene/ Styrene 13 31 7
Benzene storage 143 100 1
Benzene fugitives 250 15 11

3Some letters were sent to plants more than one time, such as follow-up requests for additional data or
clarification of previously provided information.

bBecause the letters sometimes requested information from more than one plant, these 27 letters
requested visits to 46 plants.

From our review of EPA files and visits to several plants affected by EPA
proposed standards, we identified instances where data were not cur-
rent or were based on assumptions. For example:

EPA’s emissions data for maleic anhydride plants were not current. EPA’s
1984 documentation supporting its decision to withdraw its proposed
maleic anhydride standard indicated that EPA based its decision on emis-
sion data from three maleic anhydride plants. However, we found that
one of the plants had stopped using benzene in its production process in
July 1983 and another plant stopped manufacturing maleic anhydride in
May 1984. Because only one plant was using benzene when EPA pub-
lished its final withdrawal notice in June 1984, EPA’s emission data were
inaccurate. EPA officials told us that they were aware that one of the
plants had closed but were reluctant to reflect it in EPA’s emission data
because they had not verified the closure and wanted to be conservative
in their risk calculations. EPA did not know that the second plant
stopped using benzene until the company notified them in July 1984,
EPA used assumptions to develop its emission estimate for benzene stor-
age. After proposing its standard in 1980, EPA revised its emission esti-
mates on the basis of an industry-sponsored study that provided more
representative emission data than EPA’s original estimates. The study
indicated an 18- to 98-percent benzene emissions reduction from EPA’s
original storage estimates, depending on the controls used. On the basis
of the study, EPA estimated a 70-percent emissions reduction from its
proposed estimates and lowered its health risk estimates over 85 per-
cent. EPA assumed that industry had made extensive use of the controls.
EPA did not verify this against actual storage tank controls nor the
extent that controls are being used. According to an official of the Stan-
dards Development Branch, verifying these estimates would have been
expensive, and EPA believed that the data gathered before the standard
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was prepared were sufficient to enable EPA to make its decision. He
stated that many of the plants had the same type of controls used in the
study.

EPA also used inconsistent methods when comparing benzene emission
and risk data for the five source categories in its December 1983 deci-
sion. EPA grouped emission data for coke by-product recovery plants dif-
ferently from other benzene source categories. A typical industrial plant
with benzene emissions contains several benzene sources—storage
tanks, fugitive sources (pipes, valves, etc.), and process vents. For the
ethylbenzene/styrene and maleic anhydride chemical plants, EPA divided
these sources into components and developed risk numbers for each
component (for example, emissions from all maleic anhydride plant pro-
cess vents were grouped together to be used in risk numbers for maleic
anhydride process vents; all benzene emissions from storage tanks and
fugitive sources at maleic anhydride plants were grouped separately).
However, for coke by-product recovery plants, EPA combined the emis-
sions from all sources at the plant, including process, storage, and fugi-
tive, to develop its quantitative risk number. In other words, the risk
numbers for coke by-product recovery plants contained emission data
from all benzene sources in the plant. EPA evaluated the risks of the
chemical plant sources with those of the coke by-product recovery
plants on an equal basis despite the fact that risk estimates for each
source category did not represent equally weighted combinations.

EPA officials agreed that dividing the emission sources for maleic anhy-
dride and ethylbenzene/styrene plants may have underestimated the
risk to these persons relative to persons exposed to emission from coke
by-product recovery plants. They told us that grouping the benzene
emissions at the chemical plants would not have signficantly increased
their calculations of risk to the public.

EPA Did Not Use Current
Census Data to Determine
Affected Population

EPA uses census data to assist in determining the exposure and risk of
populations in the vicinity of plants that use benzene and other air tox-
ics. In 1980-81, when EPA proposed standards for maleic anhydride,
ethylbenzene/styrene, benzene storage, and fugitive emissions, it used
1978 census estimates projected from actual 1970 census data. How-
ever, when EPA made its decision in December 1983 to withdraw three of
the proposed standards, it did not update population exposure estimates
with actual 1980 census information. Rather, EPA relied on estimates
based on 1970 census data. As a result, EPA’s population risk computa-
tions were not current. For example, the population risk near a plant in
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a high-growth area may be understated because the more current census
data were not used. In contrast, the risk to the population near a plant
in an area with a declining population may be overstated. An engineer in
EPA’s Standards Development Branch stated that officials in his branch .
were unaware that the 1980 data were available. He stated, however,
that including the updated data would not have made a significant dif-
ference in the risk numbers. EPA officials told us that they have since
updated their estimates with 1980 census data and that, while they do
not believe it makes a significant difference in EPA’s benzene decision,
they believe it improves the public’s perception of the reliability of EpA’s
estimates.

Because of the cost involved, EPA does not routinely conduct site visits
to identify the actual exposed population surrounding plants or to deter-
mine the actual population characteristics. Therefore, EPA may be uncer-
tain whether the plants are near businesses, residences, schools, and so
forth, which may also affect the risk factors.

Topographical maps are another resource available for verifying popu-
lation estimates. The maps show industrial, residential, and commercial
areas near emission sources. EPA sometimes utilizes these maps to better
estimate precise locations of emission sources and the population
exposed to emission sources of hazardous air pollutants. EPA did not use
this resource for developing benzene exposure data for its December
1983 decision because it considered its modeling data sufficient for esti-
mation purposes. However, in September 1985 Epa officials told us that
they had recently used topographical maps in reviewing the EPA pro-
posed standard for coke by-product recovery plants. They told us that
the maps improved their accuracy and that EPA plans to use them more
extensively in the future.

Limitations in EPA’s Models

According to Era documentation, although the general population is
exposed to a complex mixture of potentially toxic agents, it is not possi-
ble to directly link actual human cancers with ambient air exposure to
chemicals, such as benzene. EPA, therefore, relies on mathematical mod-
eling techniques to estimate human health risks. EPA uses a Human
Exposure Model 7 to incorporate health and environmental data in order
to generate quantitative risk assessments for toxic pollutants. An EPA
contractor developed two versions of the model for EPA—a simplified

"The Human Exposure Model is a dispersion model that EPA uses to combine health and exposure
data to estimate risk to the population near emission points.
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national exposure model and a more complex site-specific model. For its
December 1983 decision, EPA used the simplified model, which incorpo-
rates the unit risk factor with data gathered from industrial emissions,
census, and meteorological sources. An engineer in EPA’s Pollutant
Assessment Branch told us that risk estimates derived from the simpli-
fied model approach are not precise. The simplified model is more lim-
ited than the complex model in that it cannot incorporate more detailed
data and, therefore, can generate only a rough estimate of actual risk
for residents near a source.

EPA’s Human Exposure Model has several limitations. Both versions of
the model assume that (1) people are exposed for 70 years, (2) the popu-
lation is immobile, (3) sensitive populations are not represented, (4) the
terrain is flat, (5) the emissions are constant, and (6) exposure occurs at
computer-generated ‘‘population centroids” 8 rather than precise loca-
tions. At the time EPA generated its risk numbers for benzene source cat-
egories, the population centroids were dispersed throughout a 20-
kilometer radius from the emissions source in order to calculate the
exposure risks. The population centroid does not measure the actual
number of people exposed.

EPA acknowledges the limitations of its modeling process and is planning
to improve various aspects of the exposure model. Before withdrawing
the proposed benzene standards in 1984, EpA did not rerun its models to
get updated estimates of risks because it did not identify any significant
emission changes from the industry. Therefore, the withdrawal decision
in 1984 was based on the modeling assessment primarily using exposure
and health data developed in 1980-81. Since making its decision to with-
draw proposed standards on three source categories, EPA updated cen-
sus information, extended the total exposure distance radius to 50
kilometers, and included the updated 1985 unit risk factor in its model.
According to an engineer in EPA’s Pollutant Assessment Branch, EPA can
improve its model by accounting for potentially sensitive groups, popu-
lation, mobility, and terrain differences. EPA had a contractor evaluate
the feasibility of making these improvements. EPA officials told us in
September 1985 that they had decided to improve the model but had not
yet determined the extent to which the improvements would be made.
They expected to make a final decision on this issue in late 1985.

8Population centroids are computer-generated points around an emission source that estimate expo-
sure risks on the basis of census data and emission concentration levels.
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Importance of Accurate
Data in Risk Assessments

EPA recognizes that for hazardous air pollutants, such as benzene, the
amount of uncertainty in its quantitative risk assessment is large.
According to EPA’s options paper for coke oven emissions, this uncer-
tainty for hazardous air pollutants may be in the range of 2 orders of
magnitude ? or greater. EPA officials believe, however, that there is as
much data from which to perform a risk assessment on benzene as on
any chemical and that the uncertainty in its benzene risk numbers—

though not quantifiable—is not as great as for other chemicals.

As discussed above, EPA has made or is planning to make several
improvements to the components of its benzene risk assessments. These
include updating its census data, revising its unit risk factor, and plan-
ning to improve its dispersion modeling. According to the Chief of EPA’s
Pollutant Assessment Branch, some of these improvements may have
little impact on the benzene risk assessment numbers. He stated that
these improvements generally resulted in increasing the risk estimates
because of the 18-percent increase in the benzene unit risk factor. He
noted that these increases were not significant enough for EPA to change
the decisions it announced on the five source categories in December
1983.

However, EPA agrees that it is important to have risk assessment num-
bers that are as scientifically accurate and up-to-date as possible to
ensure they are valid, given the uncertainty in the process. EPA officials
also believe it is important to use current and accurate data in risk
assessments to ensure public comfort with and acceptance of these
numbers.

The quantitative risk assessment numbers EPA uses to help support deci-
sions on hazardous air pollutants, such as benzene, are developed by the
Pollutant Assessment Branch in EPA’s Office of Air Quality Planning and
Standards. The branch uses inputs on emission data developed by the
Office’s Emission Standards and Engineering Division and combines
them with other data to obtain the exposure assessments. The branch
then combines this information with the unit risk factor and the expo-
sure data in the human exposure model to determine the quantitative
risk assessment numbers for each source category.

The Chief of the Pollutant Assessment Branch told us in October 1985
that EPA does not have any written guidance detailing how it develops

9For example, a risk of 50 persons contracting leukemia with a range of 2 orders of magnitude of
uncertainty could range from 0.5 to 5,000 persons.
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States Plan No Action
on Withdrawn Source
Categories

quantitative risk assessment numbers for hazardous air pollutants. He
stated, however, that he is planning to compile an operating manual in
fiscal year 1986 that will, among other things, clarify Epa and Pollutant
Assessment Branch procedures on reviewing health data, developing
exposure assessments, coordinating with other EpaA offices, and develop-
ing quantitative risk assessments. We believe that when the Pollutant
Assessment Branch develops this operating manual, it should include
the requirement that EpA staff utilize the most current and accurate data
possible when developing risk assessments.

We also noted that EPA’s Federal Register notices and other public docu-
mentation related to its December 1983 benzene decisions generally did
not contain statements qualifying the extent to which current or accu-
rate data were excluded from its benzene risk numbers. For example,
EPA’s 1984 Federal Register notices for the five source categories did not
clarify the extent to which current census data were used in the benzene
risk assessments. In only one case—the June 1984 final notice to with-
draw proposed standards for three source categories—did EPA include a
statement to the effect that recent benzene health data were not
included in its benzene decision. Whenever EPA is not including current
or verified data in its risk assessments, it would be appropriate to clar-
ify this in its public presentation of the assessment numbers.

EPA has decided that certain benzene source categories (e.g., maleic
anhydride) do not pose a significant risk to the public and should not
therefore be regulated at the federal level. For these source categories,
we wanted to determine (1) whether the states with those sources
planned to take action in the absence of EPA regulations and (2) what
assistance EPA has provided to these states. We contacted air toxic pro-
gram officials in five states with maleic anhydride and ethylbenzene/
styrene plants—Indiana, Louisiana, Missouri, Pennsylvania, and
Texas—to discuss EPA’s decision to withdraw the proposed standards
for those source categories and whether the state officials planned any
further action. According to the state air toxic program officials, the
five states have taken no actions to develop regulatory programs for the
withdrawn source categories nor do they anticipate regulating them in
the future. State officials from four states said that they have no plans
to regulate these source categories because of inadequate resources. The
air program official for the fifth state said it would not be cost effective
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Conclusions

to regulate the benzene emissions for the one plant in his state. How-
ever, officials from four states said they would consider regulating with-
drawn source categories if EPA were to provide funding, personnel, and
technical and scientific support.

The state officials expressed some concern over EPA’s withdrawal of the
proposed standards. For example, one state official said that it would be
difficult for the states to effectively enforce any state regulation for the
withdrawn source categories because of EPA’s determination that the
benzene risks are not significant.

EPA’S assistance to the states has generally been limited to disseminating
information such as risk assessments, health data, and control tech-
niques through the National Air Toxics Clearinghouse it established in
1984. EPA is also developing courses to assist states in regulating hazard-
ous chemicals such as conducting risk assessments.

EPA also has a pilot program in which it is working with several states to
establish a state-operated regulation program for the chemical acryloni-
trile. If this program is successful, EPA will expand it to other chemicals.
In September 1985 EPA officials told us that they are considering
expanding the acrylonitrile project to benzene source categories. The
officials told us that EPA may provide support to the states that want to
regulate certain benzene source categories (e.g., ethylbenzene/styrene)
that EPA has decided not to regulate at the federal level.

Uncertainty was associated with each component of EPA’s benzene risk
assessment used in its December 1983 decision. For example, EPA’s
health data were based on epidemiological studies from employment
records of workers exposed to benzene in the 194(’s and 1950’s. The
workers’ actual exposure levels are unknown, so EPA had to estimate the
exposure levels. EPA also used assumptions in generating benzene emis-
sion and population data and in the mathematical model it used to com-
bine these factors and calculate benzene risk numbers. Combining each
component in the modeling process can compound the uncertainty in
EPA’s benzene risk assessment.

EPA did not always use current, accurate, or verified data in generating
its benzene risk assessment. For example, when EPA determined in 1983
which source categories it would regulate, it based its decision on 1970
census data estimates instead of 1980 census data. EPA officials told us
they were not aware that the more recent data were available in 1983.
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Because quantitative risk assessment numbers play a key role in EPA’s
decision making, it is important that the numbers be based on current
and accurate information.

EPA acknowledges the uncertainty associated with its risk assessments
for hazardous air pollutants, such as benzene. EPA believes, however,
that given the uncertainties, the benzene risk numbers represent a rea-
sonable approach to quantitatively evaluating the impact of benzene
exposure on public health.

EPA’s Pollutant Assessment Branch—the office responsible for develop-
ing exposure estimates and calculating the quantitative risk numbers for
air toxics—is planning to compile an operating manual that will provide
written guidance on what kinds of information should be included in the
quantitative risk assessments.

|
Recommendation

To improve the risk assessments for hazardous air pollutants, such as
benzene, we recommend that the Administrator, Environmental Protec-
tion Agency, direct that the proposed Operating Manual for the EPA Pol-
lutant Assessment Branch include a requirement that, to the extent
possible, current and verified data be used in developing quantitative
risk assessments or that an explanation be included in the assessment as
to why those data are not being used.
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WPA and State Efforts to Control Automobile

Refueling Emissions

Control Options for
Gasoline Marketing

EPA’s decision on how best to control automobile refueling emissions will
be the culmination of over 13 years of studying the issue. Since 1973 EpA
has been examining the use of technology on gasoline pumps (called
stage II controls) to control ozone. The Clean Air Act Amendments of
1977 required EPA to examine technology on automobiles (called
onboard controls) as an alternative to stage 1l to control vapors from
automobile refueling. The decision became more complicated in 1979
when EPA identified automobile refueling and other segments of the gas-
oline-marketing network as benzene source categories, indicating that
such controls may reduce exposure to a hazardous air pollutant as well
as reduce ozone levels. In 1981 EPA announced it would not require
onboard technology to control automobile refueling vapors. However, in
1983 EPA began reevaluating automobile refueling controls and plans to
make a decision in late 1985 or early 1986 as to whether onboard or
stage II controls should be implemented.

In the absence of an EPA decision on the issue, California and the District
of Columbia have implemented stage II programs to help reduce ozone
levels. Several other states have also considered implementing stage II
programs for ozone control. However, most state air pollution control
officials are reluctant to implement stage II controls without EPA guid-
ance because, among other things, such controls are perceived as being
difficult for the public to use and are opposed by petroleum lobby
groups.

Since 1978 states have repeatedly asked EPA to make a decision on auto-
mobile refueling controls. If EPA or the states decide to implement such
controls, this will assist them in reducing ozone levels. However, because
of the leadtime required before they can be implemented, automobile
refueling controls will not have a significant impact on states’ ability to
obtain ozone standards by the congressionally mandated deadline.

The gasoline-marketing network comprises several sectors of gasoline
transportation, from delivery of gasoline to bulk terminals to refueling
automobiles at service stations. EPA refers to emissions from all of these
steps except automobile refueling as stage I emissions. See appendix I1I
for a description of stage I controls in the United States. Stage II and
onboard controls are options for controlling emissions from automobile
refueling.
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Stage II Controls

The final step in the gasoline-marketing network is automobile refuel-
ing. At this step, the general public is exposed directly to emissions from
gasoline vapor. When an individual refuels an automobile, he or she is
exposed to gasoline vapor displace